by the examination of a certain amount of material which had previously been sent to this country.
Professor Dungal has mentioned his reasons for believing that parasitic worms were the cause of the trouble. The pathological evidence obtained from the microscopical examination of affected lungs showing the presence of numerous parasitic worms and their larvae in close association with the diseased tissue, wias very suggestive of that conclusion. McFadyean also came to the same conclusion when investigating what appears to have been a similar disease wNhich occurred in this country in 1888.
Some evidence was, however, obtained by Dr. Gislason to suggest that the worms might not be responsible; an examination for worm infestation which was carried out on 1,000 lungs from a diseased district, and on 1,000 lungs from a district in which the disease had not yet appeared, revealed an equal degree of infestation in each district.
On account of McFadyean's publications, however, and also on account of the strong pathological evidence in favour of the theory of causation by lungworms, it became all the more necessary to examine the association of these parasites with particular care.
InVestigation in England. Apart from the examination of sections of lung tissue. which has already been dealt with by Professor Dungal, and of hay suspected by Professor Dungal of carrying large numbers of the larvae of Mlluellerius, the work at Weybridge consisted of the infection of sheep with lungworm larvae originating from sheep in the diseased area in Iceland. The hay which was examined was found only to contain a few representatives of the strongyloid larvae of horses and none referable to species of worms occurring in sheep.
In order to ascertain whether British sheep could be infected by Icelandic lungworms, two badly diseased lungs, heavily infected with Muellerius, were sent to Weybridge in ice from Reykjavik. On thawing out, the Muellerius larvae were found to be very active and apparently normal. As many of these larvae as possible were separated from the lungs and fed to slugs and snails of the species Agriolimax agrestis, Helix aspersa, and Cepaoa hortensis between February 24 and March 25. During the third week of April it was ascertained that the snails were carrying the infective larvae, and they were then fed to two lambs which had been born and reared in the buildings. Eight infected snails were given to lamb No. 949 and 13 to lamb No. 950.
Muellerius larvae did not appear in the fa.ces of the lambs until fourteen weeks later, when lamb No. 950 was slaughtered. Large numbers of the typical hard caseous and calcareous nodules were then found in the lungs, indicating the abortive development of numerous worms, but there was no sign of adenomatosis. The second lamb was kept in isolation indoors until December 8, when it was slaughtered. At autopsy several centres of infection containing living worms were found, but again there was no sign of adenomatosis.
Investigation in Iceland.-In order to ascertain whether there existed in Iceland a new and more pathogenic species of lungworm, the tails of a number of male worms from affected lungs were examined, but every specimen was found to belong to the species 7Muellerius capillaris, which is the most widely distributed member of this group of lungworms, and the species which occurs most frequently in the lungs of sheep in the British Isles.
Relative concentration of lungworm larva? in affected and in healthy tissue.-The comparative concentration of lungworms in diseased and in healthy parts of affected lungs was also examined. Portions of tissue of equal weight were taken from diseased and healthy parts of lungs; the Muellerius larvae contained wvere collected by mincing and washing the tissue, and the larvae from the various lots were counted by a dilution technique. No correlation could, however, be found between the extent of ilIuellerius infestation and the presence of the disease. The observation of Professor Dungal that the earlier lesions of adenomatosis usually appear along the ventral margin of the lung is in agreement with this finding, since the worm nodules are normally found in the largest numbers in the dorsal region of the lungs.
Possible mass invasion of the lungs with infective lungwortn larva. Yet another possibility to be investigated was that the disease might be due to a mass invasion of fourth-stage lungworm larvae, and a search was therefore made for them. Portions of affected lungs were minced and numerous larvae were separated; a search through many thousands of these under the dissecting microscope, however, did not reveal any but the first-stage larvae, ready to leave the lung, and no single example of a fourth-stage larva was found. In confirmation of this point, only one intermediatehost snail was found in the fields after careful search. A later and more minute examination of small areas in some of the fields revealed, however, a large number of the eggs of slugs and snails deeply situated in the thick growth of herbage or buried just beneath the surface of the soil. If this state of affairs is typical of the whole of Iceland, the majority of the slugs and snails being killed off during the winter and only the eggs surviving, then infection with Mlluellerius could not occur until the later summer and autumn when slugs and snails seem extremely plentiful-and one would not expect to find fourth-stage larvae at this time of the year.
Comparison of lungworm infestation in healthy and in diseased flocks. In the early part of the field investigation samples of fteces were collected from several diseased sheep on various farms, an average being obtained for the output of larvae per gram of faeces, and comparisons were made with a similar number of samples collected from sheep in flocks which still remained free from the disease. No difference was, however, observed between the lungworm infestation of the two groups. A further series of examinations was made in order to compare the lungworm infestation in flocks with a heavy mortality rate with those in which the mortality rate had been comparatively light, but again no correlation could be found, and we concluded that in all probability the parasitic lungworms played no part in the cause or development of adenomatosis.
The possibility of this disease occurring in Great Britain. he has kindly permitted me to insert here. Referring to the possibility of the disease which he described being identical with Jaagsiekte the letter states: " I think at the present moment there may be some difficulty in defining what is to be understood by the term Jaagsiekte, but since Dr. Cowdry agreed that the specimens which I sent him from the lungs of sheep in this country were similar to those observed in South Africa, the disease in the two countries may be regarded as the same. Furthermore, identical lesions were present in sections of lungs of sheep in Iceland sent to me by Prof. Niels Dungal. Personally I do not now think that the remarkable transformation which occurs in the bronchial epithelium can be regarded as a specific reaction to the worm parasites."
In our opinion, therefore, the changes described by McFadyean were not brought about by lungworms but were the typical pathological changes caused by the same disease as is now causing such losses among Icelandic sheep.
We also consider that these pathological changes are identical with those of Jaagsiekte, and that the three conditions which have been described, in Great Britain by McFadyean, in Iceland by us, and in South Africa by Mitchell, de Kock, Cowdry, and others, represent the same disease. The writers on Jaagsiekte, however, did not appear to have considered the possibility of the occurrence of that disease in Great Britain and always referred to McFadyean's description as a standard account of a peculiarly severe kind of verminous pneumonia. If our view is correct-that epizootic adenomatosis or Jaagsiekte has occurred among British sheep-and we are convinced that this is so, there arises the epidemiological question as to whether it has disappeared from this country or whether it may still remain, in a benign form, in some parts. The chronic nature would suggest the latter possibility, and it is hoped, by arousing the personal interest of veterinarians interested in meat inspection, to keep a watch for the typical lung lesions. If the disease still exists in the country it would, doubtless, be encountered during the ordinary routine of meat inspection.
Discussion.-Dr. Tom HARE said that in his opinion the pathology of the Icelandic sheep disease, as described and illustrated by the photomicrographs, was that of a chronic bronchopneumonia with a degree of collapse and compensatory vesicular emphysema, the process in the earlier sites of bronchopneumonia being a nodular metaplasia of the bronchiolar and alveolar epitheliuin (the so-called adenomatosis). This healing stage or metaplasia in the sheep's lungs bore a close resem-lblance to the process in chronic tracheobronchitis of dogs (vide Hare, T., Proc. Roy. Soc. Mcd, 1929 -30, 23, 1715 Vet. Rcc., 1931 , ii, 1074 .
Tracheobronchitis was due to infection by Oslerus osleri (Cobbold, 1879) , the mature forms of which invaded the mnucous glands and mucosa of the trachea, bronchi, and bronchioles, producing sessile or polypoid cystic granulomata or " worm-nests ". After being vacated by the nematodes, the " worm-nests " began to heal; the resulting nodules of metaplasia bearing a close resemblance to the " papillary intracystic adenomlata " shown by Dr. Dungal and Mr. Taylor. He had not been impressed by the reasons advanced by the authors for excluding nematodes as the cause of the sheep disease. Again turning to tracheobronchitis, clinical cases at autopsy (destroyed on humanitarian grounds) revealed one of three types of lesions: (1) the " parasitic phase ", in which the majority if not all of the lesions contained adult Oslerus osleri; (2) the " sterile phase " when no Oslerus or their ova were found in the body; and (3) a " midway phase", in which a few " worm-nests " contained Oslerus, most of the lesions being sterile and passing through metaplasia to complete fibrosis. He had an idea that tracheobronchitis was due to reinfection at intervals owing to the dogs in unhygienic kennels being continually exposed to the worm. He understood Mr. Taylor to rule out ovine " lungworms" because as many were found in the normal portions as were found in the pneumonic portions or alung. Such a line of reasoning was inapplicable to avian " lungworm " infection (Gapes) by Synyam-tus slp. and Cyathostomiia sp., which were capable of residing within one part of the lung without inflicting macroscopic damage, whereas in other parts of the lung or respiratory tubes others of their species were producing injuries obvious to the naked eye.
In his experience of routine autopsies on old or recent cases of "husk" in sheep, particularly those from parts of the wolds of Lincolnshire and Yorkshire, he occasionally found one or several nodules of metaplasia in lungs which had been or were affected with chronic verminous bronchopneumonia. He had regarded these nodules of metaplasia as produced by an earlier and departed infection of " lungworms ", whereas the common type of chronic verminous bronchopneumonia had been due to a more recent and persisting infection of the trichostrongyles. He had not found the lungs with the numerous nodules of metaplasia as recorded by Sir John McFadyean and as found in the Icelandic sheep, possibly because in this country the rotation cropping of sheep and veterinary control of " husk " had been much improved. He suggested that the high incidence of the metaplastic lungs in Icelandic sheep was due to methods of management which exposed the sheep to continuous or almost continuous infection of the " lungworms ". In conclusion he thought that the sheep disease as described by Dungal and Taylor bore no resemblance to neoplasia, or to a known filtrable virus or bacterial process; on the other hand it was highly suggestive of a nematode infection of the lungs. He would therefore encourage Mr. Taylor to persist with his attempts to reproduce the disease by feeding various species of sheep " lungworms ", allowing adequate time for the metaplastic process to supervene upon a chronic bronchopneumonia. The work should result in an expansion of our very inadequate existing knowledge of the activities of " lungworms " under the manifold varying circumstances in nature.
Dr. J. R. M. INNES said that the gross metaplastic changes indicated the true nature -i.e. epithelial-of the cells lining the lung alveoli. This had been a subject of controversy for many years. The exact nature of the lung lesions of this sheep disease was difficult to determine, although they might be regarded as reaction of tissue to some low-grade " trauma ". There were several well-known analogies in the field of animal pathology. That the parasite in question was not primarily responsible appeared to have been proved by the investigators.
The ability of these cells lining the respiratory alveoli to transform themselves into columnar epithelium was outstanding in the disease described, but the same metaplasia was well known in other conditions. For example, it had been observed in certain tuberculous lesions of the lungs, in silicosis, and in chronic pneumonias of man. He had also seen it occurring in a mild degree in rabbits' lungs after the injection of BCG. It might be recalled that in experimental vitamin A deficiency the bronchiolar epithelium underwent a metaplasia, but in a squamoid direction. The growth potentiality of these cells lining the bronchioles and alveoli was thus considerable.
With regard to the identification of these lung lesions with a true neoplastic process, it should be pointed out that although the greatest sign of malignant new-growth, namely invasion of neighbouring tissue and setting-up of distant metastases, was missing, yet examination of these sections alone, without the aid of other important facts, almost necessitated the diagnosis of a papillary cyst-adenoma. This conclusion had already been reached by some workers, although they were fully aware of a possible specific oetiology.
He had had the privilege of examining sections of lung lesions from the sheep disease in Kenya which was being investigated by Mr. W. Fotheringham of the Veterinary Research Department in that Colony. The lesions appeared to be identical with those described and illustrated in the Icelandic disease, in Jaagsiekte, and in chronic verminous pneumonia of sheep in Great Britain.
